Object. The availability of magnetic resonance (MR) imaging data obtained in comatose patients after head injury is scarce, because MR imaging is somewhat cumbersome to perform in patients requiring ventilation and because, in the first hours after injury, its relevance is clearly inferior to computerized tomography (CT) scanning. The authors assessed the value of MR imaging in the early postinjury period.
Methods. In this prospective study MR imaging was performed in 61 consecutive patients within 7 days after they suffered a severe head injury. An initial CT scan had already been obtained. To understand the clinical significance of the lesions whose morphological appearance was identified with MR imaging, brainstem function was assessed by registration of somatosensory and auditory evoked potentials.
Brainstem lesions were visualized in 39 patients (64%). Bilateral pontine lesions proved to be 100% fatal and nonbrainstem lesions carried a mortality rate of 9%.
In singular cases circumstances allowed for a clear clinical distinction between primary and secondary brainstem lesions. On MR imaging all lesions were hyper-and hypointense after intervals longer than 2 days. Within shorter intervals (Ͻ 2 days) after the injury, primary lesions appeared isointense on MR imaging. In one secondary brainstem lesion there were no traces of blood.
Conclusions. Because mean intracranial pressure (ICP) levels in patients without brainstem lesions were similar to those in patients with brainstem lesions, the authors conclude that it was not mainly increased ICP that accounted for the high mortality rates in patients with brainstem lesions.
The authors also conclude that brainstem lesions are more frequently found in severe head injury than previously reported in studies based on neuropathological or CT scanning data. Early MR imaging after head injury has a higher predictive value than CT scanning.
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O mands (Glasgow Coma Scale score of ≤ 7 2, 5, 12 ). All patients underwent initial cranial CT scanning on admission to the hospital. All patients were comatose at the time of the MR imaging studies. Patients with metal implants (such as fixators or pacemakers), those who had emerged from coma by the time MR imaging became available, or those who as a result of multiple injuries were too critically unstable for transfer to the MR imaging unit were excluded from this study. Patient ages ranged from 7 to 65 years (mean 23 years). The male/female ratio was 38:23.
Magnetic resonance imaging was performed within the first 7 days after head injury; the mean interval was 3.5 days. A 1.5-tesla magnet was used to obtain T 1 -and T 2 -weighted images. The midline and brainstem were investigated with T 2 -weighted images in 3-mm sagittal plane slices. Finally, a coronal section was studied. Findings were classified as uni-or bilateral brainstem lesions according to their level or as nonbrainstem lesions. Furthermore, hypointense lesions were distinguished from hyperintense lesions.
In 41 patients SEPs and BAEPs were registered (techniques of registration have been reported elsewhere 3 ). Three types of findings were distinguished: bilateral reproducible potentials, unilateral reproducible potentials, and bilateral loss of evoked potentials. Results from the evoked potential monitoring were compared with the MR imaging findings.
Intracranial pressure (ICP) was recorded intraventricularly in 15 patients and epidurally in seven patients. The ICP levels (measured in millimeters of mercury) were compared with those measured during the clinical courses of patients with or without brainstem lesions. The ICP recordings were not made in the other patients in the group because of clinical circumstances (such as no lesion on the initial CT scan or admittance with wide fixed pupils) or because a large craniectomy or removal of the intracranial hematoma made ICP recording less urgent.
An extradural hematoma was removed in four patients and a subdural hematoma in 12 patients. A decompressive craniectomy was performed in eight patients, and in three patients an intracerebral space-occupying hematoma was removed.
Results

Magnetic Resonance Imaging Findings
Magnetic resonance imaging demonstrated no lesion in three patients, and 19 patients only had a supratentorial lesion. Brainstem lesions were identified in 39 (64%) of 61 patients (Fig. 1) . Twenty-four of these 39 patients had a unilateral lesion of the brainstem (Table 1) , cerebellum, or supratentorial lesions.
Seventeen (28%) of the 61 patients died. All 13 patients in whom a bilateral pontine lesion was found and four patients without a bilateral brainstem lesion died. The mortality rate for patients with a brainstem lesion, uni-or bilateral, disclosed by MR imaging was 44%.
Patients with brainstem lesions had other concomitant intracranial hemorrhages comparable to patients without brainstem lesions (Fig. 2) .
Evoked Potentials
The results of testing for evoked potentials are listed in Tables 2 and 3 . Bilateral abolition of SEPs was noted in all cases of bilateral brainstem lesions. The SEPs were unilaterally preserved in all 10 patients who had a unilateral pontine or mesencephalic lesion.
In cases of bilateral pontine lesions, BAEPs were unilaterally preserved in three patients and abolished in seven. In 10 cases of unilateral mesencephalic or pontine lesions, the BAEPs were bilaterally preserved in six and unilaterally preserved in the other four.
Intracranial Pressure
The difference between ICP levels in 14 patients with brainstem lesions and eight patients without brainstem lesions was not significant (Fig. 3) . If a trend were to be distinguished, patients without a brainstem lesion tended to have higher ICP levels than patients with a brainstem lesion.
Coma Duration
Survivors of brainstem lesions documented on MR imaging had a mean coma duration of 7 days, compared with 3.5 days in patients without brainstem lesions.
Histopathological Findings
Postmortem findings of brainstem lesions in two cases verified by MR imaging disclosed perivascular hemorrhages, intraneuronal calcifications, and swollen axons. Differentiation of primary and secondary brainstem lesions by means of histopathological investigation was not possible.
Unexpected Findings
Case 1: Example of a Primary Brainstem Lesion. This 22-year-old man was admitted to the hospital in a comatose state with wide fixed pupils 1 hour after being injured in an automobile accident. Computerized tomography scanning (Fig. 4 left) demonstrated marked traumatic subarachnoid hemorrhage but no focal lesion and no sign of increased ICP. To clarify the cause of the fixed pupils, an MR image (Fig. 4 right) was obtained during the 6th hour after the injury; the image disclosed fatal laceration of the pons. No other lesions appeared on CT or MR imaging in this case.
Case 2: Example of a Secondary Brainstem Lesion. This 12-year-old boy fell down a staircase at night and hit his head. At the time of the incident he was fully alert and returned to bed. A few hours later he was found comatose and arrived at the hospital with wide fixed pupils. In spite of immediate removal of the extradural hematoma, the boy did not recover and died 40 days later. Magnetic resonance images obtained on the 7th day postinjury disclosed ischemic lesions of the pons and cerebral peduncles with no traces of blood (Fig. 5) .
Discussion
Incidence of Brainstem Lesions
Neuropathological findings obtained during the pre-CT era suggested that traumatic brainstem lesions were an exceptional phenomenon that never occurred without concurrent diffuse brain damage. 10 On cranial CT scanning brainstem lesions are difficult to detect because of bone artifacts within the lower portions of the posterior fossa. In 1993 Hashimoto, et al., 8 reported that 21 (8.8%) of 239 cases of severe head injuries exhibited evidence of brainstem lesions on cranial CT scanning. Five of seven of their patients with a pontine hemorrhage died. In the last few years MR imaging has been reported to detect intracranial lesions much more frequently; for example, lesions of the corpus callosum have been found in 22 to 49% of survivors of head injury. 6, 13 In this analysis the head injury was severe enough that all patients were comatose and dependent on a respirator (Glasgow Coma Scale score of ≤ 7 12 ) for a minimum of 24 hours. All patients were ventilated during the period in which MR imaging was performed. The frequency of brainstem lesion in this series of severe head injury cases was 64%. Mitchell and Adams 10 questioned the existence of isolated brainstem lesions after head injury. In a postmortem study they found 18 of 100 patients had a primary brainstem lesion; these lesions were always associated with other concomitant lesions. In contrast to their conception of brainstem lesions, in the present study MR imaging performed in Case 1 confirmed the possibility of isolated brainstem lesions with no additional lesions, at least visible on MR and CT images. Thus it appears that isolated primary contusion of the brainstem does occur; however, in most cases it is associated with concomitant lesions.
Evoked Potentials
One option that can be used to verify a lesion of the brainstem is registration of evoked potentials. The bilateral loss of cortical SEPs beyond 13 msec and BAEPs beyond Wave II is suggestive of a loss of brainstem function. The poor but accurate prognosis of this condition has been reported repeatedly. 4, 7 In this series, unilateral absence of SEPs coincided with unilateral pontine lesions on MR imaging in all 10 patients. In the 10 patients who had bilateral pontine lesions and in whom SEPs were registered, the abolition of SEPs was noted. In lesions of the mesencephalon this relation was less close.
Absence of BAEPs after head injury may well be due to petrous bone fractures. Their unilateral absence concurred in four of 10 patients with unilateral brainstem lesions on MR imaging; in the other six patients the BAEPs were still preserved bilaterally. Obviously lesions seen on MR im- warranted only when there is a chance of survival in the absence of bilateral pontine lesions.
Conclusions
This analysis of early MR imaging in 61 comatose patients after severe head injury disclosed an incidence of brainstem lesions of 64%. The patient's medical history and clinical findings were suggestive of primary brainstem lesions suffered at the time of impact in 38 of 39 patients. This incidence is much higher than findings from earlier series based on CT scanning or neuropathological data. Because these brainstem lesions, which were undetected by CT scanning, apparently have great predictive value, early MR imaging should be required for future studies on the effect of drugs or different regimens of treatment in head injury to ensure that subgroups are comparable.
The MR imaging findings also suggest that primary brainstem lesions may be distinguished from secondary brainstem lesions by their signal intensity.
